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Abstract 
Manufacturing plays a significant role in all economies and are the key generators of employment and income and the 
drivers of innovation and growth. The scope of the present study is to analyze the performance of the Greek 
manufacturing firms by sectors (NACE 2 digit sector classification) and by region, based on firm level data. We 
investigate the effect of certain factors, such as size, age and exports on the efficiency of all manufacturing sectors in 
Greece. The research is based on financial data of a large sample of 3600 Greek industrial firms, for a time span of 9 years 
(2003-2011). The empirical research with the use of DEA analysis attempts to rate the 13 Greek regions based on their 
firm efficiency and explain the reasons behind the differentiation in performance. Further, econometric modeling is used 
to investigate the effect of age, size and exports on firm level efficiency, for each region. We find that there is a negative 
effect of exports on efficiency scores, while a positive relation between size and efficiency scores is reported. 
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1. Introduction 
The concept of territorial competitiveness is a favorable topic to academic policy makers and practitioners. 
According to Kline and Rosenberg (1986) and Porter (2003), the term regional competitiveness comprises the 
ability of a region to satisfy the needs and demand of the local and global market, acquiring a high and steady 
level of income. A region’s competitiveness is connected to the competitiveness of its enterprises (Michailidis 
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et al., 2014). If firms in an economy are competitive, then the economy is competitive. The concept of 
competitiveness of regions within a country is similar to that of countries. Competitiveness results in long 
term economic growth. According to the European Comission (2001), the standard definition of regional and 
national competitiveness relates to the achievement of high and rising standards of living and high rates of 
employment on a sustainable basis. The competitiveness of firms in the geographical area is certainly an 
important factor to consider. Infrastructure and level of human capital are considered as contributing 
significantly to variations in regional competitiveness (Commission of the European Community, 1994). 
Recent studies show that other factors, such as technological progress, macroeconomic stability, institutions 
and innovation, also influence economic growth. The EU integration has increased the level of competition 
among local economies, since the obstacles to movement of labor and funds have decreased. Therefore, 
regions try harder to develop competitive policies by increasing their efficiency levels. The debate focuses on 
the concentration of certain industries in some regions, and gives emphasis on the distinction of firm 
performance of those sectors among regions. Enterprises’ competitiveness depends both on their performance 
and the environment where it operates. Factors such as local institutions, educational level of its labor force, 
infrastructure, local society, etc. can be determinants of a firm’s competitiveness. Exchange rate movements, 
prices, costs, level of wages and wage flexibility, comprise factors of international competitiveness. These do 
not work on a regional level, but we have the inter-regional competitiveness and inter regional factor mobility 
like labor and capital. These are the elements of domestic competition in regional competitiveness. Literature 
considers the role of firm factors, strategy and management of resources, as important contributors to firm 
performance. Additionally, if a firm realizes lower cost than other firms in the same market, then the firm is 
competitive in terms of prices. According to research findings,  firm specific factors explain more than twice 
the industry factors the variability in profit performance. Lucas (1988) and Romer (1986 and 1990) point out 
to the role of human capital and the innovation as basic determinants of growth. New enterprises are also 
essential to the economic development of a region because they create income and employment, harness new 
ideas and generate innovations (Baumol, 2002). However research findings do not come to a consensus on the 
nature and measurement of regional competitiveness.  
This study attempts to look at the distribution of industrial firms in the regions of Greece, by 2 digit sector, 
to analyze the average financial profile and performance of each sector in each region. Our aim is to relate the 
efficiency performance of the sectors to the macro characteristics of the regions. Why Greece? Greece is 
representing an example of a country which although it showed an above average performance during 1990s 
and middle 2000s, suffered a severe economic depression since 2008 which has lead to its deindustrialization. 
Greece has achieved considerable progress since during 1990s, (it became member of EU in 1981), which 
lead to its accession to the Economic Monetary Union (EMU) in 2001. There were differences in the speed of 
adjustment between sectors. So the use of Greek data may lead to an assessment of general applicability of 
conclusions to other countries with similar economic performance. The competitiveness of regions in Greece 
depends on many factors such as the efficiency of their manufacturing sectors. In this paper we research the 
level of regional competitiveness in Greece in terms of their technical efficiency scores. Competitiveness here 
is measured in terms of technical efficiency, i.e. how efficiently the firm uses its inflows versus its outflow. 
The method used is Data Envelopment Analysis (DEA). Efficiency produces scores for each region and 
manufacturing sectors; further, with the help of econometric modeling (Tobit model), we attempt to specify 
the relation of manufacturing firm efficiency with age, size and exports for year 2011†. 
To our knowledge, this is the first empirical research of this type for Greece, especially with firm level 
data and covering the before and after 2008 crisis period. 
 
 
†
 Due to non-availability of data, w e focus on a recent year only (i.e. year 2011). Year 2011, however, is important as 
it  show s the performance of Greek f irms and sectors after 2008 Financial crisis.  
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The paper starts with the theoretical background and literature review in Section 2, and continues with data 
and methodology description in section 3. Section 4 discusses the results from both the DEA and Tobit 
methods, while section 5 concludes the paper and suggests policy implications. 
2. Theory and literature review 
There are three theories on regional productivity growth: The Neoclassical theory assumes constant 
returns to scale, diminishing returns to factors of production, free factor mobility and geographical diffusion 
of technology, thus achieving regional convergence in productivity. The Endogenous Growth Theory supports 
that regional convergence depends on how much the low technology regions will catch up with the high 
technology ones and to what extend is the flow of knowledge workers. If technology and knowledge 
spillovers are localized the wider will be the regional productivity differences. The New Economic 
Geography models advocate that economic integration increases the tendencies towards spatial 
agglomeration, clustering of firms and increasing returns that lead to persistent regional differences in 
productivity. Therefore, firms might differentiate themselves by their location and as a consequence by being 
able to utilize different regional specific resources and capabilities. 
We use the efficiency as measure of competitiveness, through the efficiency methodology for regional 
competitiveness in Greece, taking into consideration the capital used in an industry sector as one of the 
inflows of the model, based on sectors’ manufacturing firms. Our assumption here is that if the manufacture 
of a region is efficient the sector is competitive, based on the statement that manufacturing firms play an 
important role in all economies, being the major creators of job positions, income and development (Pitelis 
and Antonakis, 2003).  In order to secure sustainable economic growth and reduce income inequalities, it is 
important to improve the competitiveness of all regions in the country. We support the view that this 
improvement could be to a great extend based on the competitiveness of the manufacturing industry, 
measured in terms of efficiency. The improvement of firm efficiency is major target of the EU, especially 
during these days where the global crisis is a fact. The understanding of the relationship among inflows and 
outflows of a firm is crucial for the efficiency in a firm, especially in the efficient management of inflows. As 
of that in the present study we examine this relationship with the help of the technical efficiency analysis, 
focusing on the identification of the most competitive regions in Greece and the more 2-digit manufacturing 
sectors in each region. The approach helps to identify the reasons of inefficiencies among firms, sectors and 
regions attempting to result in policy implications for the improvement of regional competitiveness. 
There is an increasing interest in comparing the efficiency of manufacturing firms. The present work 
provides such a comparison for number Greek firms from several sectors which are operating in a region 
level. According to Heshmati (2003), firm performance is based on economic efficiency, which is composed 
of technical and allocative efficiency.  
Theory suggests that larger firms are more efficient than smaller ones; however, due to the fact that most 
larger firms are older, this may be the case that there exists a positive age-efficiency relationship. According 
to Lundvall and Battesse (2000) , the size-efficiency and age-efficiency relationships address a number of 
important issues for manufacturing firms: Do firms and sectors become more efficient over time? If there 
exist positive relationships, do the exports help in explaining efficiency? 
Following relevant theory and literature, efficiency plays a significant role in the growth of firms, while it 
is obvious that the relationship between firm size and efficiency is positive. Lundvall and Battesse (2000, p. 
148), however, argue that because of the time involved, larger firms are not only more efficient than small 
ones, but also older, leading to a positive relationship between firm age and efficiency. They provide a review 
of relevant studies and show mixed results. In other words, firms appear to have either a positive or a negative 
relationship with size and age factors. Size-efficiency relationship could be negative for large firms and 
positive for small firms (the same applies to the age-efficiency relationship).  
Yang (2006) examines the efficiency of Korea firms, and report that large-sized enterprises produce more 
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efficiently than small/medium-sized enterprises. Lundvall and Battese (2000) examine the relationship 
between size-age and technical efficiency for manufacturing firms in Kenya. They find that 1) range of mean 
efficiencies are between 0.68 and 0.80, 2) firm size has a positive and significant effect in the wood and 
textiles sectors, and 3) the age effect is insignificant in all sectors except textiles. Beck et al. (2004) show that 
the furniture industry should grow 1.4% p.a. faster than the spinning industry in Canada than in India. Few 
attempts have been made on the performance of the Greek manufacturing firms. Agiomirgianakis et al. (2006) 
examine financial factors affecting profitability of Greek manufacturing firms over the period 1995-1999, and 
show that firm size, age, exports, sales growth, reliance on debt on fixed assets and investment growth, as 
well as efficient management of assets, influence profitability. Papadogonas (2007) uses data from Greek 
manufacturing for 1995-1999, and finds that size, managerial efficiency, debt structure, investment in fixed 
assets and sales growth affect significantly firm profitability. 
The main purpose of this study is to investigate the relationships between size-age-exports and technical 
efficiency for Greek manufacturing sectors over the period 2003-2011. In particular, we consider data from 
several sectors for 13 Greek regions. We extend the work published by Lundvall and Battesse (2000) by using 
a 2-stage method: 1) DEA method for estimating efficiency scores, and 2) regression analysis (Tobit 
econometric method) for explaining the size-age-exports relationships with efficiency. 
3. Methodology 
We employ a 2-stage methodology to examine our hypotheses, as follows:  
Stage 1 - DEA method: We use efficiency scores obtained from DEA-Variable Returns to Scale model 
(DEA-VRS) as indicators of sector performance (we follow the works by Mok et al., 2007; Lundvall and 
Battesse, 2000).  
Stage 2 - TOBIT regression: We then examine the relationships between DEA efficiency scores with size, 
age and exports using a Tobit model. 
- DEA method 
Measuring efficiency is an important task; it provides outcomes for evaluating the performance of a 
decision-making agent. DEA, or Data Envelopment Analysis, is an acceptable method of efficiency analysis. 
It was originally developed for performance measurement, and builds on the pioneering work of Farrell 
(1957). Although productivity and efficiency are often treated as equivalent, this is not always true. 
Productivity is a descriptive measure of performance, while efficiency is a normative measure (see Ray, 
2004). DEA is a nonparametric method of measuring efficiency that uses mathematical programming using 
selected inputs and outputs. 
Based on the work of Farrel (1957), DEA  was developed by Charnes, Cooper and Rhodes or CCR (1978) 
as a non-parametric method for identifying efficient production frontiers. DEA is a multifactor productivity 
analysis model for measuring the relative efficiencies of a homogeneous set of decision making units (DMUs) 
each of which is an entity responsible for converting multiple inputs into multiple outputs. A DMU is 
regarded as the entity responsible for converting inputs into outputs and whose performances are to be 
evaluated (Cooper et al., 2007); these may include hospitals, banks, schools, firms and so forth. Once the 
efficient frontier is determined inefficient DMUs can improve their performance to reach the efficient frontier 
by either increasing their output levels or decreasing their current input levels.  
The versatility of the DEA method can be expressed through the following advantages which DEA has 
over other approaches (example is the SPF method): (1) it is an extreme point method which compares each 
DMU with only the best DMU; (2) it does not require any underlying assumption of a functional for relating 
to inputs and outputs; (3) it provides the possibility of incorporating the existence of multiple outputs; (4) it 
works well with small size samples; and  (5) it allows for unrestricted weight flexibility in determining the 
efficiency scores of DMUs (see Charles and Zegarra, 2014).  
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CCR (1978) introduced the DEA method to address the efficiency measurement for DMUs using multiple 
inputs and outputs. The performance of DMUs is assessed in DEA using the concept of efficiency or 
productivity, which is the ratio of total outputs to total inputs (see Ramanathan, 2003). Efficiency of a firm 
compares the actual output from a given input with the maximally producible quantity of output (Ray, 2004). 
DEA is a method for determining efficient frontiers by maximizing distance between inputs and outputs.  
DEA Constant Returns to Scale (CRS) and Variable Returns to Scale (VRS) models have been 
successfully applied to many decision-making problems (profit and non-profit organizations as well) as a 
frontier analysis method. Its aim is to quantify the distance to the efficient frontier for every DMU (Cooper et 
al., 2007); the measure of performance is called efficiency score. DEA may suggest the benchmark for each 
inefficient DMU. The DEA CRS model can be expressed as bellow (for more details, see Tan and Floros; 
2013): 
0
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Where N1 is an N×1 vector of ones. Note that, DMU is efficient if the efficiency is 1, otherwise it is 
inefficient. In other words, for a given set of units, the efficient DMUs form the frontier that encloses the 
inefficient ones, and therefore, the analysis is called Data Envelopment Analysis (see Cooper, 2008). 
An input-oriented (output-oriented‡) measure quantifies the input reduction (output expansion), which is 
necessary for a DMU to become efficient, holding the output (input) constant.  
 
 
‡
 Output-oriented technical eff iciency refers to how  much output can be made w ith the given input amount (Yang, 
2006). 
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 In this paper we evaluate the output-oriented technical efficiency§ of any sector, by examining whether 
and to what extend it is possible to reduce its outputs without reducing the inputs using a DEA-VRS model. 
- Tobit Regression method 
Tobit models, or limited dependent variable regression models, originally developed by James Tobin, a 
Nobel laureate economist, as alternatives to logit and probit models. Under the Tobit models, the sample is 
censored (regressand can be left- or right-censored or both) or truncated; therefore, we may have a censored 
or truncated sample model**, in which the dependent variable assumes values between 0 and 1.   
In our case, the Tobit model has the following form: 
Efficiency = α + β Exports + γ Size + δ Age 
where, Exports denote the average number of exports (per sector), 
Size denotes the average Number of Employees of firms (per sector), 
and Age denotes the average age of all firms (per Sector). 
We extend previous studies (e.g. Lundvall and Battese, 2000) on the performance of Greek Manufacturing 
sectors by examining three hypotheses for year 2011: 
Hypothesis 1: There is a positive relationship between firm size and technical efficiency. 
Hypothesis 2: There is a positive relationship between technical efficiency and age. 
Hypothesis 3: There is a positive relationship between technical efficiency and exports. 
Therefore, to give answers to these important questions, we employ a widely accepted method: the Tobit 
model (regression analysis) with the truncated sample model. We use DEA computed efficiency scores, which 
we combine with a Tobit analysis to see whether efficiency scores play a role in explaining size, age and 
exports (i.e. financial performance). To our knowledge, such an efficiency analysis has not been applied 
before for Greece. 
4. Empirical Results 
According to a recent study by Panagiotakopoulos (2012), the statistics of Greek Manufacturing sector 
have been dropped since 2005 (before the 2008 financial crisis) ††. Hence, an empirical analysis on the 
performance of Greek Manufacturing sector is highly important. We consider a large amount of recent data 
(source: ICAP, Greece), and apply a DEA VRS method and a Tobit regression to see the importance of 
efficiency on size, age and exports of Greek Manufacturing sectors. In particular, we consider recent data 
from 3600 firms (Appendix A shows the performance of firms and sectors); our data covers the period 2003-
2011.  
 
 
§ In this paper we consider the output-oriented technical efficiency of firm n producing output 
ny  from the input nx . In other words, 
we determine what is the maximum output y* producible from the same input nx . If f* is the maximum value, then the output-oriented 
technical efficiency of firm n is: 
nTE  = TE ( nx , ny ) = 1/f*. 
* *
 Censored sample is a sample in w hich information on the regressand is available only for some observat ions but not 
for all, although w e may have information on the regressors for all the units in the sample. Further, w e may have the 
case of truncated sample model, in w hich information on both the regressand and regressors is not available on some 
observat ions (see Wooldridge, 2002). 
††
 Panagiotakopoulos (p. 33, 2012) argues that  ' ' ...the manufacturing industry provides 11 percent of gross domestic 
product (GDP), w hile it  accounts for 60 percent of total Greek exports; the share of Greek manufacturing in GDP has 
declined from 18 to 11 percent since 1990 due to increased internat ional competit ion from developing countries; 
employment in Greek manufacturing has also seen a marked decline since 1990; during the last 15 years 124,200 
jobs have been lost; as a result , the contribut ion of manufacturing industry to total employment dropped to 12.6 
percent in 2005' ' . 
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DEA Results 
One of the strengths of DEA is the fact that inputs and outputs can be measured in different units; another 
one is that it can be run with a very small data set. Many studies have been published dealing with applying 
DEA in manufacturing sectors (e.g. Yang, 2006). The literature on applying DEA method to firms 
performance shows various sets of inputs and outputs. The inputs usually are capital, fixed assets, labor. The 
most frequently outputs include profits, and total sales.  Having reviewed the existing literature on the 
efficiency of manufacturing sectors and firms, we concluded that most papers use three inputs (Leverage, 
Capital, Fixed Assets) and two outputs (Total Sales, Profits). The data was analysed using a program called 
PIM DEASoft. The type of technical efficiency analysis is output oriented‡‡ with VRS. As can be seen from 
Table 1, the efficient scores vary over time for all Sectors and regions. Our results suggest the following: 
Manufacturing sectors in Attica, Central Greece, Thessaly and West Macedonia are less efficient over 
time (2003-2011). Those from the Ionian Islands and the North and South Aegean, along with the 
Peloponnese and Epirus, are the most efficient. These findings are contrary to expectations; it was expected 
regions of Attica, Central Macedonia and Central Greece to provide greater efficiency. 
One possible explanation for this result is the impact of tourism on product demand in these regions, and 
the size of the companies that led to more effective management of resources. Further, the region of Epirus is 
a surprise. It exhibits high efficiency in almost all sectors, especially in tobacco, textiles, transportation and 
machinery. The sectors with the lowest efficiency, according to the DEA results, are the following: 
Agricultural products, food, furniture, drinks, and metal products. 
Due to the fact that there are mixed results in the performance of different sectors by regions, further 
quantitative analysis (using econometric models) is needed to explore the effect of export, size and age of 
firms on the efficiency scores obtained from DEA analysis. Further, Table 2 presents the results from the 
selected Tobit (truncated) model for efficiency. We report the following: (1) there is a negative effect of 
exports on efficiency scores for Central Greece and Ionian only; (2) there is a positive relation between size 
and efficiency scores for 6 cases: East Macedonia, Peloponnese, Crete, Ionian, Thessaly, and Epirus; (3) 
finally, age is positively (negatively) correlated with efficiency for East Macedonia, Central Greece and 
Central Macedonia (Peloponnese, and Crete). 
5. Conclusion 
As far as we know, hardly any research has been carried in the past for assessing regional competitiveness 
and efficiency in Greece and under crisis conditions, through productivity measures (such as the DEA 
methodology). Therefore, the present study provides a modest contribution in the literature in terms of the 
novelty of application and the area of application. The practical value of the present study is based on 
assisting policy makers in their attempt to plan for the improvement of the competitiveness of all the regions 
in Greece through efficiency. 
Technically, efficiency of a firm compares the actual output from a given input with the maximally 
producible quantity of output (Ray, 2004). DEA is a method for determining efficient frontiers by maximizing 
distance between inputs and outputs. In this paper we consider a 2-stage approach to empirically explain the 
size-age-exports relationships with efficiency. First, we consider DEA, which is a useful tool for estimating 
efficiency using small data sets. We measure and evaluate efficiency of manufacturing sectors of 13 regions 
in Greece, and then we regress efficiency scores against several factors such as the number of employees, age 
and exports. We argue that the economic crisis (2008) affected the efficiency of manufacturing sectors in 
 
 
‡‡
 The technical output eff iciency of a DMU is the maximum proport ion any one of its observed output levels 
represents of the level that output takes w hen all outputs are expanded radially as far as feasible, w ithout detriment t o 
its input levels (Thanassoulis, 2003).  
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Greece from 2010 to 2011. The most effective year for all the sectors is 2003, i.e. a year before the Olympic 
Games in Athens. From 2004 onwards, the results show a steady decline in efficiency scores for almost all 
Greek firms (sectors). Further, the econometric results show that there is a negative effect of exports on 
efficiency scores, while a positive relation between size and efficiency scores is reported.  Empirical research 
should examine how different factors such as the leverage and location can affect both efficiency and 
profitability of Manufacturing firms. 
 
Table 1. DEA results (Efficiency Scores) per Region (High, Medium, Low) 
REGIONS DEA SCORES- VRS Regions with High Efficiency 
Scores South Aegean 92.25 
Ionian Islands 90.49 
North Aegean 88.28 
Peloponnese region 80.80 
Region of Epirus 79.51 
Western Greece 78.91 Regions with Medium Efficiency 
Scores Crete 75.65 
Central Macedonia 75.61 
Thessaly 73.41 
East Macedonia and Thrace 72.79 
Western Macedonia 71.53 Regions with Low Efficiency 
Scores Attica Region 68.77 
Central Greece 64.62 
 
Table 2. Tobit Regression results (Dependent variable: Efficiency scores from DEA-VRS). 
Region Constant Exports Size (employees) Age 
Attica 52.98 
(0.073) 
-0.27 
(0.329) 
0.17 
(0.24) 
-0.17 
(0.86) 
East Macedonia 42.97 
(0.03)* 
-0.72 
(0.13) 
0.45 
(0.08)** 
1.55 
(0.007)* 
Central Greece -22.63 
(0.48) 
-3.71 
(0.046)* 
0.025 
(0.85) 
3.45 
(0.032)* 
Peloponnese 84.83 
(0.097)** 
-6.03 
(0.19) 
1.55 
(0.052)* 
-3.67 
(0.045)* 
South Aegean 90.27 
(0.0004)* 
0.33 
(0.80) 
0.20 
(0.38) 
-0.26 
(0.75) 
Crete 135.19 
(0.00)* 
-0.36 
(0.67) 
0.11 
(0.0003)* 
-3.59 
(0.0001)* 
Central Macedonia 23.04 
(0.34) 
0.146 
(0.64) 
0.23 
(0.52) 
1.74 
(0.028)* 
Ionian 100.65 
(0.00)* 
-0.95 
(0.058)** 
0.02 
(0.08)** 
-0.01 
(0.56) 
Thessaly 78.1 
(0.004)* 
0.26 
(0.39) 
0.025 
(0.0007)* 
-0.85 
(0.36) 
Epirus 98.23 
(0.00)* 
-1.06 
(0.60) 
0.05 
(0.002)* 
-1.12 
(0.42) 
Western Macedonia 58.8 
(0.00)* 
0.8 
(0.48) 
0.2 
(0.15) 
0.63 
(0.27) 
Western Greece -25.6 
(0.66) 
-4.03 
(0.28) 
0.73 
(0.37) 
2.79 
(0.36) 
North Aegean 64.7 
(0.0017)* 
-3.39 
(0.56) 
0.10 
(0.80) 
0.70 
(0.30) 
Notes: *, ** statistical significance at 5%, 1% level (prob. of t-stats in parenthesis). 
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